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Ever since its birth, up until its present development, the major role of string theory involves
being the best candidate for the theory of quantum gravity and other species of interactions. In
the present work, we would like to accomplish this goal by minimally extending its content while
greatly simplifying its structure. To be more specific, by endowing the closed superstring with its
spin, we successfully achieve this goal. This issue has been addressed in the first part of this work,
entitled, ”mission 1 of the work”. In addition, we would like to make further developments on the
selection of compactification manifolds that brings the string theory from the critical 10 dimensions
down to four cosmology dimensions. Indeed, this issue has not been fully seriously and extensively
explored in the literature. In the present work, therefore, we want to bring serious attention to this
missing but non-trivial issue. This issue has been addressed in the second part of this work, entitled,
”mission 2 of the work”.
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I. MISSION 1 OF THE WORK
A. Introduction
1. [Breakthrough]1
As long as the closed superstring is allowed to spin,
generically it involves (non-abelian) gauge mode as well
as the gravity mode and hence one does not need to
introduce the Dirichlet brane (D-brane) in addition to
the F1-brane (string) just to involve (non-abelian) gauge
field mode. That is, the spin mode that the closed su-
perstring (but not the open superstring) exclusively pos-
sesses, completely replaces the quest for D-brane mostly
to involve (non-abelian) gauge field/theories in the string
phenomenology. In short, the spin of closed superstring
mostly replaces the quest for D-brane in the latest devel-
opment of superstring theory [2nd string revolution]. To
conclude, therefore, open superstring perturbation (vi-
bration) can only produce gauge fields. However spin-
ning closed superstring perturbations {vibration & spin
(winding)} may well produce both gravity (=geometry)
and gauge field.
2. [Breakthrough]2
In this new paradigm the spin of closed superstring ap-
pears to replace the quest for D-brane and take over its
role as far as the advent of (non-abelian) gauge theory
is concerned. This state of the affair, then, may pose
the concern: what about the gauge/gravity duality as a
consequence of brane/bulk duality that excited the entire
theoretical physics community for the past 20 years or so?
∗ chris@kasi.re.kr
Yes, this business is safely preserved by the following ra-
tionale: due to the presence of both vibrational and spin
modes together, the string tension and the centrifugal
force compete and affect each other all the time. As a re-
sult, the (non-abelian) gauge theory and the gravity asso-
ciated with spin and vibrational modes respectively affect
each other all the time and hence this coupling replaces
the gauge/gravity duality in the context of brane/bulk
duality. That is, regardless of the presence/absence of
D-brane (by J. Polchinsky), or equivalently, Regardless
of the open/closed string duality, “spinning-closed super-
string” alone may well be the fundamental constituent
of nature. In short, spinning-closed superstring alone =
{gravity & all species of gauge theories}.
B. Strategy
FIG. 1. string coordinate or string field is a mapping from the
parameter space to the string target spacetime. As a result,
the image that string field draws naturally becomes a curve
with respect to which one can define both its tangent and
unit normal vectors. (For the case at hand p = 1, namely the
string)
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2p-brane world volume coordinate is an embedding (im-
mersion) of (p+1)-dim. parameter space into D-dim. tar-
get spacetime. Pullback of target spacetime metric GAB
induced metric onto the world volume of p-brane
gab = GAB
∂XA
∂ξa
∂XB
∂ξb
. (I.1)
Taking a ”static gauge” in which
τ = x0, σi = xi(i = 1, 2, · · · , p) (I.2)
gµν = GAB
∂XA
∂xµ
∂XB
∂xν
(I.3)
Tangent vectors on Σ(p+1): (p+ 1)-unit tangents
(static gauge) tAµ =
∂XA
∂xµ (a, µ = 0, 1, · · · , p)
Normal vectors [D−(p+1)]-unit normal nAα orthogonal
to (p + 1)-tangents at each XA(ξa) on Σ(p+1) (a = (p +
1), · · · , D) satisfying the orthogonality
nAαn
A
β = δαβ (I.4)
tAµ t
A
ν =
∂XA
∂xµ
∂XA
∂xν
= gµν (I.5)
nAαn
A
µ = 0 (I.6)
thus {naα, tAµ } form basis D-vectors in target spacetime
and the basic equations of embedding are
∇µtAν = ∂µtAν − ΓλµνtAλ = KαµνnAα , (I.7)
Dµn
A
α = ∂µn
A
α +A
α
µβn
A
β = −KναµtAν (I.8)
where∇µ is geometry covariant derivative of tangent vec-
tor to closed superstring in the bulk and Dµ is gauge co-
variant derivative of normal vector to open superstring
on the brane. Aµαβ is a S
D(D − (p+ 1)) connection for
the parallel transport of the unit normal vector nAα on
the brane.
FIG. 2. perturbations on a non-spinning closed superstring
produce gravity alone.
Slightly along the non-spinning closed superstring unit normal
remains the same. However, unit tangent may undergo some
discrepancy/deviation which can be identified with unit nor-
mal times some tensor coefficient. And this tensor coefficient
involves affine connection which, in turn, generates spacetime
geometry, namely, gravitation.
FIG. 3. perturbations on a spinning closed superstring pro-
duce both gravity and gauge theory.
Unlike the case of non-spinning closed superstring, slightly
along the spinning closed superstring, unit normal may un-
dergo some discrepancy/deviation which can be identified
with unit tangent times some tensor coefficient. And this ten-
sor coefficient involves gauge connection which, in turn, gen-
erates (non)abelian gauge theory. Meanwhile, unit tangent
undergoes some discrepancy/deviation which can be identi-
fied with unit normal times some tensor coefficient. And this
tensor coefficient involves affine connection which, in turn,
generates spacetime geometry, namely, gravitation.
FIG. 4. perturbations on an open superstring produce gauge
theory alone.
Slightly along the open superstring unit tangent remains the
same. However, unit normal may undergo some discrep-
ancy/deviation which can be identified with unit tangent
times some tensor coefficient. And this tensor coefficient in-
volves gauge connection which, in turn, generate (generally,
(non)abelian gauge theory.
Lastly, note that the gauge covariant derivative Dµ
gives how the unit normal to the open superstring
changes into unit tangent in the bulk
Dµn
A
α = −KναµtAν . (I.9)
3One can now obtain the expression for Aµαβ
Dµn
A
α = ∂µn
A
α +A
α
µβn
A
β = −KναµtAν (I.10)
nAγ ∂µn
A
α +A
α
µβ(n
A
β n
A
γ ) = −Kναµ(tAν nAγ ) (I.11)
Aαµγ = −nAγ ∂µnAα = −∂µ(nAαnAγ ) + nAα∂µnAγ = nAα∂µnAγ
(I.12)
And the field strength tensor of Aµαβ is given by:
Fµναβ = ∇µnAα∇νnAβ −∇µnAβ∇νnAα . (I.13)
Now the Dp-brane geometry version of Gauss-Codazzi
equations lead to: suppose the target spacetime geome-
try is that of near horizon of extremal (BPS) Dp-brane
solution of D-dim. SUGRA, namely MD = AdS(p+2) ×
SD−(p+2)
(p+1)R = 0 (I.14)
(p+2)RAds = const. (I.15)
Particularly note that although (p+1)R = 0, the three
terms, (p+1)R, (KαµνK
αµν),
(gµνK
αµν)2 all involve the same number of derivatives
(quadratic in derivatives) and hence have equal contri-
butions to some effective theory of Dp-brane.
(in the above, p = 1 as we only consider the superstring)
To summarize, therefore, open superstring has only
vibrations/oscillation mode whereas the spinning closed
superstring has both vibration/oscillation mode and
spin/winding mode. As a result, open superstring
perturbation (vibration) can only produce gauge fields
whereas closed superstring perturbations {vibration
& spin (winding)} may well produce both gravity
(=geometry) and gauge field altogether.
Note
One may exercise objection that open superstring is as
fundamental as closed superstring is and hence cannot
be completely ignored. As our defense, note carefully
that the collision/clustering of closed superstrings would
produce open superstrings instantly/repeatedly. Indeed,
a hidden role of the open superstring on the D-brane
upon closed superstring’s scattering off the D-brane is
discussed below. The discovery of this new paradigm
summarized well in [Breakthrough]1, 2 in the introduc-
tion above should be recapitulated as: the gauge/gravity
duality from brane/bulk duality that lasted for the
past 20 years (or more). ”String duality/brane physics”
being replaced by; ⇒ ”string duality/spinning closed
superstring”.
Paradigm change
As the spin mode of closed superstring involves
gauge theory and hence instantly replaces the quest
for D-brane, after all, superstring theory [1–7] being
replaced by; ”Closed superstring” theory and it really is
true/genuine Quantum Theory Gravitation.
C. QGD (Quantum Geometro Dynamics)
D-brane; its new role
In the above, we claimed that as long as we put spin
on the closed superstring, the quest for Polchinski’s D-
brane becomes no longer indispensable and hence liter-
ally disappears. After all, however, if we remind that our
eventual objective is to build the comprehensive theory
of quantum gravitation in the context of superstring the-
ory, the presence of Polchinski’s D-brane admits a whole
new perspective. In the present subsection, therefore, we
would like to address this issue.
We begin with the following identifications (=);
• Polchinski’s D-brane = interaction vertex,
• closed superstring (’s low-lying mode) = graviton,
• open superstring = coupling parameter,
• energy-momentum transfer = imprint in geometry
& topology.
FIG. 5. quantum geometro dynamics (QGD); in terms of
Feynman-type diagram when compared in parallel with quan-
tum electro dynamics (QED).
Upon scattering off the spacetime at the vertex, i.e.,
D-brane, closed superstring imparts or extracts energy
& momentum∼radiation reaction or radiation damp-
ing by gravitational wave (∼ graviton before quan-
tisation) which, in turn, results in the change in
geometry&topology of the contact spacetime!
D. Summary
I.
Vibrations/oscillations of open superstring produce
(non-abelian) gauge fields/theory.
→ unit tangent vectors to open superstring remain the
same.
However, unit normal vector to open superstring un-
dergo changes.
→ their parallel transport/total (covariant) derivatives
produce (non-abelian) gauge field/theory.
4II.
Vibration/oscillations of closed superstring produce
geometry/gravitation.
→ unit normal vectors to closed superstring remain the
same.
However, unit tangent vectors to closed superstring
undergo changes.
→ their parallel transport/total (covariant) derivatives
produce geometry/gravitation.
III.
Spin/rotation of closed superstring produces (non-
abelian) gauge fields/theory in the presence of spin
(with respect to principal axis) of closed superstring
→ unit tangent vectors to closed superstring remain the
same.
→ unit normal vectors to closed superstring undergo
changes.
→ parallel transport/total (covariant) derivatives
produce (non-abelian) gauge field/theory.
To summarize/conclude, vibrations and spin of closed
superstring produce geometry/gravitation and (non-
abelian) gauge field/theory respectively. That is, pertur-
bations of spinning closed superstring produce all species
of particles/interactions. Nature’s one and only, exclu-
sive building block for the entire universe is simply/just
perturbations of spinning-closed superstring. To sum-
marize I. through III., in the presence of perturbations
of superstring, or equivalently, under parallel transport
∼ covariant derivative of unit normal/tangent vector to
the superstring.
FIG. 6. closed superstring perturbations vibration &
spin(winding) produce both gravity(=geometry) and gauge
theory
1. for an open superstring,
unit tangent vector remains the same,
unit normal vector changes and produces (non-
abelian) gauge field/theory.
2. for a non-spinning-closed superstring,
unit normal vector remains the same,
unit tangent vector changes and produces (curved)
geometry/gravity.
3. for a spinning-closed superstring,
unit normal vector changes and produces (non-
abelian) gauge field/theory
unit tangent vector changes and produces (curved)
geometry/gravity.
Therefore, putting 1, 2, 3 altogether, the spinning-
closed superstring alone is nature’s exclusive build-
ing block that produces both (non-abelian) gauge
field/theory and (curved) geometry/gravity by its spin
and vibration/oscillations respectively.
II. MISSION 2 OF THE WORK
A. Motivations
Ever since the advent of string paradigm that replaces
the point particle description of fundamental objects, the
string paradigm has undergone two major stages of de-
velopment. The first stage, dubbed the first string revo-
lution [8] consists of two developments. The first devel-
opment is to endow the string paradigm with the super-
symmetry and the second development involves study of
realistic phenomenology [9] that the superstring theory
[10] brings.
The second stage, dubbed the second string revolution
[11] consists of two developments as well. The first devel-
opment is the discovery of 5 equally probable contexts of
the superstring theory and the string dualities [11] that
bridge among these 5 species of the string theory and the
second development involves another avenue which has
been dubbed the “brane physics” as it has brought us
a simple and reasonable way of unifying the gravitation
with the rest of the three quantum gauge interactions.
As is well known, the string community conventionally
employed the toroidal compactification without studying
it in any serious fashion thus far. According to the result
of our study given below, however, it appears to teach
us that although highly complex in their nature, it is
rather like the family of Calabi-Yau [12–16] or K3 [17]
manifolds (3 fold) than the 6 torus that the nature is
more likely to select. Our rationale for this claim indeed
depends on the energy argument as spontaneously the
nature would select the energetically favored route, that
is, the Calabi-Yau or K3 compactification pathway. We
claim that the Calabi-Yau or K3 manifolds have various
types of flop transitions in their moduli space [18] that
they possess singularities which are more complex than
the simple singularity of the torus which is just a single
aperture. In the context of theoretical physics, it is safe
to conclude that the presence of deep and steep singu-
larities of the spacetime manifold generally implies the
large negative energy states. Therefore, the minimum
energy/ground state of the Calabi-Yau or K3 compacti-
fication case could be even lower than that of the torus
compactification case. Now, we come to the major con-
cern of our present work.
We would like to clearly distinguish between [A] the
5geometric T-duality which is of our particular concern
and [B] Buscher’s T-duality that transforms between
supergravity solutions with one isometry of (Type IIA
and Type IIB) [11] or (Heterotic E8 × E8 and Heterotic
SO(32)) [11] superstring theories.
That is the case [A] is for T-duality on the background
spacetime geometry in which the superstring theory itself
is defined whereas the case [B] is for T-duality on the as-
sociated supergravity ”solutions” that is the ”offspring”
of the ”mother” superstring theory. Obviously, the rela-
tion between these two is unknown and hence remains a
challenging issue of future research.
B. Objectives
To begin with, the motivation and objective of the
present work can be stated as follows.
1. We would like to add another, mathematical impli-
cation of the superstring T-duality [11], which is;
”3. trivial homotopy for mapping the closed string
dynamics on one manifold onto the other T-dual
manifold”
among 3-ways to display T-duality given in 4 Con-
cluding Remarks below.
2. In terms of the “T-dual resonance” (that will be
formally defined later on in this work) which is a
brand new event during the process of compactifi-
cation that had never been noticed and hence con-
sequently employed in the entire development of su-
perstring theory [8, 11], thus far, we now can make
it crystal clear precisely when and how the trans-
mutation from stringy nature to point-particle na-
ture and consequently when and how the transition
from the superstring theory down to conventional
point-particle physics actually take place.
It is particularly noteworthy that this “T-dual reso-
nance” that we discovered and report here in the present
work for the first time through the entire development
history of superstring theory is indeed what the nature
“spontaneously” selects but not what the human observer
takes as the “decoupling limit [8]” which is rather an arbi-
trary enforcement toward a given purpose. To summarize
and conclude, therefore, the notion of “T-dual resonance”
being discovered and reported for the first time in the
present work through the entire development history of
the superstring theory is indeed nature’s choice. as it pre-
cisely is the event at which the superstring system takes
the lowest ground energy state and hence gets stabilized
most. Put differently, in terms of this “T-dual resonance”
that we discovered and report here in the present work
for the very first time through the entire development
history of the superstring theory, mother nature steps
down from the quantum gravity era represented by the
current development of the superstring theory to the fa-
miliar, well established physics of all the 4 interactions in
late time universe. Finally to conclude, this realization of
the implications of T-duality particularly in terms of “T-
dual resonance” that we have realized for the first time in
the present work is precisely how the “spontaneous com-
pactification” of extra spatial dimensions in superstring
theory gets realized during the quantum gravity era in
the very early universe. We now may safely declare that
finally human’s science, i.e., particularly the current sta-
tus of superstring theory stands for the long-seeking the-
ory of quantum gravitation successfully coupled to the
rest of already quantized 3 interactions in nature. And
during the course of this triumph, what is ironically and
even nonsensically exciting is the realization that it is
precisely the process of compactification, the least seri-
ously taken research issue during the entire development
history of the superstring theory that really holds the
key for the hardest issue that qualifies the superstring
theory as a self-consistent and moreover, self-contained
theory of quantum gravitation that the entire theoreti-
cal physics community has been looking for over a long
period of time. At any rate, though, finally we are done.
And finally it is interesting to realize that for both the
“spontaneous compactification” that we discovered here
in the present work and the missing “Stringy Inflation”
in the early universe that we have dealt with elsewhere
which both are the long-seeking mysteries in the context
of the present status of the superstring theory have been
resolved by total ironies; such as compactification, the
least seriously taken research issue and the “tachyon”,
the ugliest feature of any theoretical physics respectively.
C. Selection of compactification manifold
It should be possible to define closed string T-
duality [11] whenever the strings can be wrapped around
the non-contractible cycles/manifolds as far as the
gravity & strings is concerned. That is, when the
closed/open strings are wrapped around the contractible
cycles/manifolds, it would not be meaningful or even pos-
sible to define the string T-duality to begin with. As a re-
sult, the compactification manifolds that one should con-
sider may involve: closed, compact & non-contractible
complex manifolds like: torus [11] and Calabi-Yau/K3
... but no more, that is, the string paradigm or the su-
perstring theory itself is highly constrained on its back-
ground gravity, i.e., spacetime geometry.
As a result, for the current research issue at hand: ”Im-
plications of T-duality in superstring theory”. We take a
closer look at the following selection of 3 species of space-
time geometry, that is, the compactification manifolds:
(A) the torus compactification,
(B) the Calabi-Yau compactification, and
(C) the K3 compactification, respectively.
(A) For the torus compactification, torus has a singu-
larity, that generates the minimum energy/ground state
6of the string system. Indeed, in reference [11] which
is J. Polchinski’s latest string text book, the conven-
tional selection of this toroidal compactification has been
briefly described. It is apparent that at the ”T-dual res-
onance”, r = ls ∼ lpl, the minimum mass-squared which
is roughly the energy of the closed superstring system
takes place and it strongly supports the major claim of
the present work of ours. To summarize, now we may
”claim” that both the Calabi-Yau or K3 Compactifica-
tion being studied in the present work in some detail
by us and the conventional toroidal compactification se-
lected by the string community thus far may admit ”the
minimum energy/ground state of the string system” at
the T-dual resonance”, r = ls ∼ spl and therefore turn
out to be equally favorable. This last conclusion may
sound rather discouraging as it implies no ”advantage”
for selecting the Calabi-Yau or K3 compactification over
the torus compactification. We therefore discuss this is-
sue/fact in some more detail in the present work for the
first time in the long- standing [1983 2018], 35 year’s old
superstring physics history.
(B) For the Calabi-Yau compactification, as Paul S.
Aspinwall, Brian R. Greene and David R. Morrison
have carried out thus far, deform/squash the geome-
try/topology of the Calabi-Yau manifold in order to get:
”flop transition-tearing the fabric of space” then we now
have a singularity, which in turn would generate the min-
imum energy/ground state of the string system. Then,
FIG. 7. singularities and the topology change in Calabi-Yau
manifolds (courtesy B.R. Greene [18])
the above action is similar to the corresponding action
to generate the ”torus” in the conventional toroidal com-
pactification selected by the string community thus far.
(C) Remind that upon defining the Ka¨hler mani-
fold (see Appendix A of this article) as stated below,
we now construct the K3 manifolds by imposing fur-
ther conditions/restrictions. By demanding the Ricci-
flat Ka¨hler manifold to have vanishing 1st Chern class
or equivalently by demanding its Hermitian metric to
have SU(3) holonomy, one arrives at the Calabi-Yau
manifolds. This additional restriction on the Ricci-flat
Ka¨hler manifolds now allows us to define the K3 man-
ifolds instead. That is, starting again with the Ricci-
flat Ka¨hler manifold, if one deforms/squashes the geom-
etry/topology in a slightly different fashion from those
for the Calabi-Yau manifolds, one may instead arrive at
the K3 manifold. This is of course well known in the
algebraic geometry community in mathematics.[17] As a
result, roughly speaking, one now has a slightly differ-
ent species of a complex manifold, called, the K3 spaces
which have consequently a different moduli space from
that of the Calabi-Yau manifolds. It is therefore, com-
prehensive to consider the K3 compactification as well.
As far as their geometry and topology are concerned,
therefore, the K3 case would be essentially the same as
those for the Calabi-Yau manifolds. To summarize, the
T-duality on both the K3 manifolds and the Calabi-Yau
would have essentially the same effect on the two mani-
folds.
As the major claim/ new ingredient of the present work
is: the claim and its consequence that ‘ nature’s one
and only ultimate building block is spinning-closed su-
perstring’. As a result, the target spacetime is not M10
but M11 = R1 × M10, where the fibre manifold R1 at
every point of the base manifold M10 is to accommodate
the spinning closed superstring. This last point might
need a short rationale. That is, when the closed string
possesses its spin, it should be endowed with one more
spacelike dimension attached to it. To be more concrete,
in the absence of the spacelike dimension along the spin
direction of the closed string, the presence of its spin can
not be detected, to begin with. Then the compactifica-
tion manifold consequently has to be: not T6 but S1×T6,
not CY 3 but S1 × CY 3, not K3 but S1 ×K3.
We conclude that the new compactification manifold
consequently could be identified with: ‘Fibre bundles’
having the fibre manifold S1 over the base manifold M10
for all cases; S1 × T6, S1 ×CY 3, S1 ×K3 respectively.
D. Brief summary
Compactification manifolds
As we summarize this subsection, we would like to
point out that after all, it is the Calabi-Yau manifold
that does it all.
M10 → C ×M4,
C = {T6, CY 3, K3},
CY space = Ricci-flat & Ka¨hler manifold,
Rµν = 0⇒ {R = 0, Gµν = 0, Rµναβ = 0}.
This means that once we select the Calabi-Yau space
as the compactification manifold, its scalar curvature,
Einstein tensor, and Riemann curvature tensor all van-
ishes respectively. This point, in turn, implies the follow-
ing. As a result, Lagrangian (dynamics)=0, Hamiltonian
(energy)=0 for the compactification manifold, selected.
Gravity system is in minimum, ground state. As any
(string) nature favors the lowest energy state as com-
pactification manifolds, CY 3 is highly favored. Besides,
at the T-dual resonance, r =
l2s
r ⇒ r = ls ∼ lpl the
size/radius of CY 3 is r = ls ∼ lpl⇒ closed string bounces
off the CY 3 and collapses to end up being a point parti-
cle.
7E. Spin on the closed superstring theory and
M-theory
As long as one puts the spin on the closed strings the
closed string generates gravity from its vibrations and all
the 3 gauge interactions from its spin motion. Therefore
Joseph Polchinski’s ”D-brane” was not indispensable to
begin with, as far as the unification of gravity & gauge
theories is concerned.
M-branes, meanwhile, which are simply soliton solu-
tions in D = 11 SUGRA which is a low-energy effective
theory of still mysterious M-theory in D = 11 still
remains to be explored associated with this spinning
closed strings. Generally speaking, putting the spin onto
a quantum demands (introduction, open-up) one more
spacelike dimension. As a result, if one admits that it is
the spinning-closed superstring which is indeed nature’s
one and only ultimate building block, then now the
genuine critical dimension for the spinning closed string
has to be elevated from D = 10 to D = 11 and then
the M-theory which accommodates both spinning-closed
superstring and the M-branes which is mother/ancestor
of D-brane finally reveals/uncovers its true nature as
being the full quantum theory of spinning-closed super-
string which is the long-seeking full quantum theory of
gravitation. It is D = 11 spinning-closed superstring
theory & M-branes but not D = 10 non-spinning
superstring theory & D-branes that is the true full
quantum theory of gravitation. Why? It is D = 11
but not D = 10 in which the full quantum theory of
gravitation which consists of spinning-closed superstring
theory & M-theory should be defined?
Rationale
Having/Seeing one more (spacelike) dimension (which
could have been hidden) is indeed treating/dealing with
even smaller length scale, higher energy scale. As c∆t×
∆E ∼ ∆x × c∆p = constant, therefore at even higher
energy scale, even shorter length scale, one sees/has to
deal with another/hiding, hidden (spacelike) dimension.
In short, M-theory is a full quantum field theory for
(I) spinning-closed superstring in perturbative spec-
trum,
(II) M-branes in non-perturbative spectrum.
True nature/identity of the M-theory in D = 11 that has
remained a (long-standing) mystery.
To summarize, M-theory in D = 11 is a quantum field
theory of spinning-closed superstring(i.e., string field the-
ory) of which the Lagrangian (action) is that of N = 2 su-
per Yang-Mills theory [Seiberg-Witten theory] such that
(I) spinning-closed superstring is in perturbative spec-
trum,
(II) M-branes (M2 & M5) are in non-perturbative spec-
trum. D = 11 M-branes, spinning closed superstring
D = 10 D-branes, non-spinning closed superstring
As we come down from D = 11 to D = 10, or equiva-
lently, at greater length scale and lower energy scale the
spin of the closed superstring actually disappears (loses
its meaning) and its role to unify the gravitation with
the rest of the 3 quantum gauge theories is taken over
by the D-branes (which are the dimensional reduction of
the M-branes) as these D-brane (unlike the M-branes)
possess the action of gauge-gravity duality in terms of
open-closed string duality. Upon the Kaluza-Klein di-
mensional reduction from D = 11 down to D = 10.
In short, the one more spacelike dimension (D = 11)
allows us to discover/complete the full quantum field
theory of spinning-superstring (i.e., string field theory)
which has remained unknown thus far.
F. Underlying Principles
We now provide the demonstration of the major
claim/conclusion of the present work. To this end, the
simplest way is to refer to the expression for mass-squared
of the closed superstring system given in eq.(8.3.2a) in
reference [11]
m2 =
n2
R2
+
w2R2
α′2
+
2
α′
(N + N˜ − 2) (II.1)
which is J. Polchinski’s latest string text book. Aside
from the last constant term, it is apparent that m2 ≥
2nwα′ = 2
nw
l2s
where n = p and w denotes the momentum
number and winding number respectively and we used
α′ = l2s which is of order l
2
pl, namely the Planck length
squared.
Particularly note here that the equality, that is, the min-
imum mass-squared takes place when r = ls ∼ lpl pro-
vided w = n = p. Here we emphasize that the minimum
mass-squared which is roughly the energy of the closed
superstring system takes place when:
1. r = ls, that is, the size of the compactification man-
ifold (e.g., torus, CY 3,K3) is of the string length,
namely, the Planck length, as well as
2. w = n = p, that is, the winding mode/number be-
comes the same as the momentum mode/number.
Note that the condition 1 is so natural and hence con-
vincing. That is, roughly, the energy of the closed string
system gets minimized when the radius (i.e., the size)
of the compactification manifold is precisely the string
length or the Planck length. Next, the condition 2 is
not simply natural. Rather, it brings the ”resolution”
for the long-standing, vague conjecture or anticipation
of the entire string community. That is, at the point
when the energy of the closed string system gets the min-
imum, simultaneously w = n = p, which implies that the
closed superstring loses its ’stringy’ structure (i.e., wind-
ing) and ’transmutes’ to the point particle in its internal
structure. This is exactly our proof or exhibition that at
the so-called, ”T-dual resonance”, r = ls ∼ lpl, a generic
size of the compactification manifold, the transmutation
from the stringy internal structure to the conventional
8point-particle structure actually takes place. To summa-
rize and conclude, this result at which we have arrived so
far is
1. a fair outcome as it is precisely what we could nat-
urally anticipate, but
2. , a gift and a relief, as it exactly coincides with en-
tire string community’s long-standing but unproven
conjecture or anticipation.
In the above, we have defined the T-duality resonance
which is indeed a new ingredient that has never been
referred to in superstring theory literature or the su-
perstring community. In short, T-duality “resonance”
is the point when the string-point particle transmuta-
tion/transition takes place.
Now consider, 3-ways to display T-duality:
1. l2s/r ↔ r (exchange between the compactification
manifolds with small and large radius, where ls de-
notes string length scale)
2. w = p (exchange between the winding number and
momentum (say of the closed string))
3. trivial homotopy for mapping the closed super-
string dynamics on one manifold onto the other
T-dual manifold
FIG. 8. the graphic version of the T-duality display 1, 2 above
We coin the case when
r =l2s/r
r =ls
the T-duality “resonance”. Note that this is the mini-
mal/shortest length scale that can be defined.
Implication/Meaning
To summarize, now we may ”claim” that both the
Calabi-Yau or K3 compactification studied by us in de-
tail and the conventional toroidal compactification se-
lected by the string community thus far may admit ”the
minimum energy/ground state of the string system” and
therefore turn out to be equally favorable. This last con-
clusion, however, may sound rather discouraging as it im-
plies no ”advantage” for selecting the Calabi-Yau or K3
Compactification over the Torus compactification. We
therefore address this issue/fact in some more detail for
the first time in the long- standing [1983 - 2018], 35 year’s
old superstring physics history.
At the point when the radius of the compactification
manifold (say, CY 3, or K3) becomes r = ls, namely, the
Planck length, any winding (all windings) continuously
deforms to a point (i.e., zero winding) and hence the
two, large and small compactification manifolds (CY 3s,
or K3) should become the same and consequently, all
the winding mode collapse to a point (zero-winding).
Note particularly that at this point the closed string col-
lapses to a point particle and hence the string’s char-
acter disappears, that is, the string-point particle transi-
tion/transmutation happens which is, interestingly, when
r = ls.
To summarize, the “T-dual resonance” is the point/
situation when all the compactification manifolds (say
all CY 3s) literally collapse to a point (as its radius is the
smallest possible value r = ls) and as a result, all the
string windings or the closed strings become/collapse to
a “point particle”, that is, when the closed superstring-
point particle transition/transmutation takes place.
Now, starting again with the Ricci-flat Ka¨hler mani-
fold, if one deforms/squashes the geometry/topology in
a slightly different fashion from those for the Calabi-Yau
manifolds, one may instead arrive at the K3 manifold.
As far as their geometry and topology are concerned,
therefore, the K3 case would be essentially the same as
those for the Calabi-Yau manifolds. To summarize, the
T-duality on both the K3 and the Calabi-Yau manifolds
would have essentially the same effect on the two mani-
folds.
As a result, at the T-dual resonance the closed string
collapses to a point particle and hence the string’s char-
acter disappears, that is the string-point particle transi-
tion/transmutation happens. At the “T-dual resonance”
when the 6-dimensional compactification manifold takes
the smallest/shortest size/scale that could be defined,
namely, the string scale which is nothing but the Planck
scale, two remarkable events appear to take place: First,
the string system reaches the lowest/ground energy state
and hence would be stabilized on the one hand and
second, (particularly,) the closed string essentially loses
all of its ‘stringy’ structure and undergoes transmuta-
tion/transition to the particle-like internal structure that
indeed implies the actual transition of the superstring
theory at the quantum gravity era toward the classical
point particle physics epoch on the other hand.
Amazingly, this is what the nature’s selection of mini-
mal size/scale superstring compactification manifold like
Calabi-Yau space brings about. Note also that this na-
ture’s selection of minimal size/scale superstring com-
pactification manifold like Calabi-Yau space is itself the
so-called, “spontaneous compactification” as the advent
of such smallest possible compactification manifold it-
self implies that the process of compactification does in-
deed take place literally ‘spontaneously’. Indeed during
9the development of superstring theory, the ‘mechanism’
of “spontaneous compactification” has remained a non-
tractable mystery all the time.
Lastly we exercise a caution associated with this
claim/conclusion of ours: That is, the notion or num-
ber of spatial dimensions and their actual size/scale
do not appear to interfere or even conflict with each
other as even the smallest/shortest size/scale that could
be defined, namely, the string scale which is nothing
but the Planck scale could accommodate as many as
6 extra/hidden spatial dimensions. Obviously, this no-
tion/idea is indeed beyond our conventional thinking and
hence really is a breath-taking new realization that finally
authorizes the long-standing superstring theory as a true,
legitimate theory of quantum gravitation.
To summarize and conclude, lastly, the current study
of ours, that is: “Implications of T-duality in super-
string theory compactification” finally authorizes the
long-standing superstring theory as indeed a true, legiti-
mate quantum theory of gravitation that the theoretical
physics community or even the science community in gen-
eral has been searching for decades of time. And it is a
relief that the current status of the superstring theory
that has undergone the two revolutionary epochs is in-
deed at a last complete stage which demands no more
substantial elaborations.
Appendix A: On Ka¨hler manifold & Calabi-Yau
spaces
a. Ka¨hler manifold If we have a complex manifold
with Hermitian metric gij¯ we can always construct the
(1, 1)-form Ω = gij¯dz
i ∧ dz¯j which is called the Ka¨hler
form. A complex manifold is called Ka¨hler particularly
if it has a closed Ka¨hler form; dΩ = 12 (∂ + ∂¯)Ω = 0.
b. Ka¨hler potential The Hermitian metric of a
Ka¨hler manifold can be written in terms of a deriva-
tive of a single function, the Ka¨hler potential φ(z, z¯);
gij¯ =
∂2φ
∂zi∂z¯j . Besides, a Ka¨hler manifold satisfies;
24cl = 4∂ = 4∂¯ .
Upon defining the Ka¨hler manifold as stated above,
we now construct the Calabi-Yau manifolds by imposing
further conditions/restrictions;
1. Ka¨hler manifolds, which have U(N)-holonomy, can
be further restricted if we demand that they have
vanishing 1st Chern class, in which case the U(N)-
holonomy reduces to ”SU(N)-holonomy”,
2. To be more specific, we require that N = 1 super-
symmetry in D = 4 dimensions be unbroken which
forces us to consider manifolds with covariantly-
constant spinor ε; (N = 1 SUSY) ⇒ (Diε = 0) ⇒
(∃ Ricci-flat Ka¨hler manifold with vanishing 1st
Chern class c1 = 0).
The additional condition/restriction that should be im-
posed on the Ricci-flat Ka¨hler manifold has been spec-
ified in 1, 2 above.[12] Now one may wonder if the two
conditions 1, 2 are really equivalent or which one should
be taken? This puzzle actually has been resolved by E.
Calabi and S.T. Yau first by the conjecture of E. Calabi
in 1957 that subsequently has been proved by S.T. Yau in
1977. As a result, this one and the same prescription to
construct the Calabi-Yau manifolds has been established
as the ”Calabi-Yau theorem” which can be stated as: A
Ka¨hler manifold of vanishing 1st Chern class always ad-
mits a Ka¨hler metric of SU(3)-holonomy.
[1] M. B. Green and J. H. Schwarz, ”Super symmetrical
string theories”, Phys. Lett. 109B (1982) 444,
”Super symmetrical dual string theory”, Nucl. Phys.
B181 (1981) 502; Nucl. Phys. B198 (1982) 252; Nucl.
Phys. B198 (1982) 441
[2] P. Candelas, G. T. Horowitz, A Strominger and E.
Witten, ”Vacuum configurations for superstrings”, Nucl.
Phys. B258 (1985) 46
[3] M. B. Green, J. H. Schwarz and E. Witten, Su-
perstring theory, Vol1 and 2, Cambridge university
Press(Cambridge, 1987)
[4] J. Polchinski, ”Dirichlet Branes and Ramond-Ramond
charges”, Phys. Rev. Lett 75 (1995) 4724-4727 [hep-
th/9510017]
[5] J. Maldacena, ”The large N limit of supercomformal field
theories and supergravity”, Adv. Theor. Math. Phys. 2
(1998) 231 [hep-th/9711200]
[6] C. G. Callan and J. Maldacena, ”D-brane approach to
black hole quantum mechanics”, Nucl. Phys. B472 (1996)
591 [hep-th/9602043]
[7] N. Seiberg and E. Witten, Nucl. Phys. B426 (1994) 19;
Nucl. Phys. B431 (1994) 484
[8] superstrings the first 15 years of superstring theory vol1,
2 edited by John. H. Schwarz, World Scientific (1985)
[9] P. Candelas, G. T. Horowitz, A. Strominger, and E. Wit-
ten, ”Vacuum Configuration for superstrings,” NSF-ITP
preprint 170 (1984)
[10] J. H. Schwarz, ”superstring Theory, ”Phys, Reports 89
(1982) 223-322.
[11] String theory vol1, 2, Joseph Polchinski, Cambridge
(2001)
[12] Brian Greene, arXiv:hep-th/9702155v1
[13] Brian R. Greene, David R. Morrison, Andrew Stro-
minger, Nucl.Phys. B451:109-120,1995
[14] Strings ’93 (M. B. Halpern, G. Rivlis, and A. Sevrin,
eds.), World Scientific, Singapore, 1995, pp. 241-262
[15] P.S. Aspinwall, B.R. Greene, D.R. Morrison, Nucl.Phys.
B416 (1994) 414-480
[16] B.R. Greene, M.R. Plesser, arXiv:hep-th/9110014v1
[17] Mirror Symmetry II (B. Greene and S.-T. Yau, eds.),
International Press, Cambridge, 1997, pp. 703-716
[18] The Elegant Universe, B. R. Greene, W. W. Norton
(1999)
[19] Vincent Bouchard, arXiv:hep-th/0702063v1
